This experiment was implemented in the experimental farm of (Misr hytech seed co. Giza, Egypt) during winter growing seasons 2014 and 2015 to evaluate the inheritance of some cucumber vegetative and yielding traits using a complete diallel cross among five inbred lines. The results showed that the mean square of genotypes, parental inbred lines, crosses and parent vs crosses were significant for the studied traits. The hybrids P2xP4 and P2xP5 exhibited a useful heterosis relative to Mp and Bp for the fruit yield per plant and number of leaves per plant. The mean square of general and specific combining ability was significant for the studied traits. The higher GCA/SCA ratio than the unity of the studied traits indicating to the greatest role of the additive gene action in the expression of these traits. The inbred lines P1 and P 2 exhibited significant positive i ĝ effects in the traits of number of fruit per plant and fruit yield per plant, so these inbred lines could be act as a good combiner for developing high yielding genotypes. The F1 hybrids P1xP3, P2xP4, P2xP5 and P4xP5 as well as the reciprocal hybrids P4xP1, P4xP2, P4xP3
INTRODUCTION
Cucumber Cucumis sativus L. is a prime member of the cucurbits family which is one of the largest families of vegetable crops. Globally, cucumber is ranked as the fourth crop following tomato, onion and cabbage (Pitrat et al 1999) . In Egypt, cucumber is cultivating in open field and protected cultivation in low tunnels and greenhouses. The total cultivated area with cucumber in 2016 was 23.370 ha with a productivity of 495.982 tons approximately (FAO, 2015) at rate 9.53 tons/fed. The area of greenhouses cultivated by cucumber reached about 2 million m 2 approximately 5887 plastic houses, with a productivity of 9.71 kg /m 2 .
Egyptian cucumber cultivation needs about 25 to 35 million seed in the winter season which priced 2 to 2.5 LE/seed 1 to 1.5 $ per10 seeds (Personal communication) . Most of these seeds are imported, the higher price of the imported cucumber seeds reflects the higher cost of production and thence reduced the farmer's profit. So that, production of local crosses of cucumber may reduce the high production cost through providing farmers with local low price crosses and more adapted to Egyptian environmental conditions.
The limited increase in crop yield could be achieved via good agricultural practices or agronomic events but the real increase is achieved via breeding targeted the higher yield. Conservation and utilization of the available crop genetic resources are the key factors to fulfill and meet the needs of the environment and both present and future generations. The demand for such genetic resources is dynamic and unpredictable. So that, AUJASCI, Ain Shams Univ., Cairo, Egypt, Special Issue, 27(1), 2019 the more conservation and availability of diversity in the future, the better are the chances for fulfilling future demand (Engels et al 1996) . Yield is the most important trait in cucumber breeding programs along with agronomical performance like earliness, growth habit and fruit quality.
To establish a sound basis for any breeding program, aimed at achieving high yield, breeders must have information on the nature of combining ability of parents, their behavior and crosses combination performance (Chawla and Gupta, 1984 and El-Hosary et al (2011). Lonnquit and Gardner (1961) and El-Hosary (2014) illustrated that diallel analysis technique is the choice of providing such detailed genetic information for selecting breeding materials that show great promise for success. The combining abilitiy types if general GCA or specific SCA were defined by Sprague and Tatum (1942) and El-Hosary et al (2018) . Also, the diallel cross is a useful tool to produce promising crosses and to study the heterotic effects of these crosses over their respective parents. On the same context, combining ability helps to identify the best parents and provide sufficient genetic information on the inheritance of traits. In this regard, highly general and specific combining abilities effects leading to high heterosis ( This work aimed to investigate the impact of crossing between five selected inbred lines in complete diallel procedure and evaluate the produced F1 crosses via estimate the GCA and the SCA of parents and crosses combinations as well as heterosis in the F1 crosess over both the mid and the better parents.
MATERIALS AND METHODS

Plant materials:
Five inbred lines of cucumber named AVCUO11OO1 (P1), HTCU111 (P2), HTCU416 (P3), HTCU682 (P4) and HTCU621 (P5) were subjected for this investigation based on a wide range of morphological diversity in their characters. The pedigree and origin of the five inbred lines are shown in Table 1 . 
Hybridization
Cucumber seeds of the inbred lines were sown on the 10 th of September during the winter season of 2013-2014 in the nursery then transplanted after 20 days in a greenhouse for accomplishing the crosses in the experimental farm of germplasm preservation laboratory of research station of Misr HYTECH Seed International Company, Giza Governorate, Egypt. Hybridizations were carried out between the five lines parental line and were utilized in a complete diallel crosses mating design to estimate general combining ability (GCA) and specific combining ability (SCA). In addition, the variances of reciprocal effect (r) could be also obtained. The procedure of this analysis was described by Griffing (1956) method 1, model I. The estimates of GCA Variance (δ2g) and SCA variance (δ2s) could be expressed in terms of genetic variances according to Matzingar & Kempthome (1956) and Cockerham (1963) . The crossed fruits were harvested soon after ripening. The fruits were cut crosswise and the seeds were scrapped out and cleaned using running tap water. Seeds were dried under indirect sunlight and kept in paper bags then stored in the fridge at 10°C and 50% RH until using it again. The seedlings were transplanting in light black soil and drip irrigation from the Nile water directly.
Experimental design
Estimate of Some Genetic Parameters for Some Vegetative and Yielding Traits in Complete Diallel Crosses among Five Inbred Lines of Cucumber
Seeds of the five parent lines and the twenty produced F1 crosses from these parents were sown in the nursery then transplanted on the 10 th of September during the 2014-2015 season then transplanted after 20 days in the greenhouse. The transplants of the parents and F1 crosses were arranged in a randomized complete block design in three replications. Each replicate involved 25 plot, each plot was planted by 10 plants which represent one genotype. Each experimental unit was planned to cover an area of 5 m 2 including one row of 5 m long and 1 m wide, with row spacing averaged 50 cm apart. All agricultural practices were carried out as recommended by the Egyptian Agriculture Ministry for cucumber greenhouse cultivation.
Data recorded
A random sample of five plants of each genotype was submitted to collect the data of plant traits which were plant length (measured starting from the ground level to the apical meristem of the stem,) number of leaves/plant, number of days to first harvest, number of fruits/plant, average fruit weight, total yield/plant and total soluble solids of the fruit juice (TSS).
Statistical analysis:
The obtained data were statistically analyzed according to the procedure of Gomez and Gomez (1984) . The means were compared using Duncan's multiple range test (L.S.R) at 0.05 level of probability Waller and Duncan (1969) .
Genetic parameters
Heterosis percentages, relative to the mid and better parents, heterosis for the studied traits was calculated using diallel software program according to Mather and Jinks (1971) as follows:
Where: F1 = mean value of the particular hybrid, M.P. = mean value of the two parents for that hybrid P1 + P2 ÷ 2, and B.P. = better parent mean value for that hybrid.
General combining ability (GCA) and specific combining ability (SCA), were estimated by the following Model-I Method I described by Griffing (1956) using Diallel software program. The GCA/SCA variance ratio was computed by the same program.
Hybrid potence ratio, potence ratio was estimated according to Smith (1952) to measure the degree of the trait dominance as follows:
Where P: relative potence of gene set, F1: first generation mean, P1: the mean of the least parent, P2: the mean of the higher parent, and M.P.: midparents value = P1 + P2 ÷ 2. Complete dominance was indicated when P = ±1; while partial dominance is indicated when "P" is between −1 and +1, except the zero value which indicates the absence of dominance. Over dominance was considered when potence ratio value exceeds +1. Positive and negative signs indicate the direction of the dominance of either parent.
RESULTS AND DISCUSSION
The analysis of variance of all sources of variation for the studied traits, i.e. plant length, number of leaves per plant, number of days to first harvest, number of fruits per plant, average fruit weight, fruit yield per plant and total soluble solids of the fruit flesh juice are presented in Table 2 .
The mean square values of all studied traits for the genotypes and parents appeared to be a highly significant, indicating a presence of true differences among the genotypes, performance under this study for GCA. The mean square values of the crosses showed a highly significant differences among each of all studied traits for SCA. Generally, the significant differences among parent mean performances for all studied traits was expected so due to their differentiation in the pedigree and origin (Table, 1 ). The significant of crosses mean squares enabling to choose and utilize the highest genotypes in the studied traits. Also, the variation due to parents vs. crosses was highly significant for all the characters except the number of days to the first harvest indicating a significant heterotic response. Results indicated significant differences among the genotypes for all the traits under the study. * and **: significant and highly significant at 0.05 and 0.01 probability level, respectively.
Mean performances
Data on the number of fruits per plant, showed that parent P1 yielded more fruits (23.67 fruits) compared to the parents P2 and P5 which yielded 16.67 and 13.67 fruits, respectively. Results referred that the crosses P3 X P1 exhibited the highest number of fruit per plant (24.40) followed by P2 X P4 and P2 X P1 which produced the same number of fruits (22.33).
Concerning of fruit weight, Table 3 showed that P4 recorded the heaviest fruit (106.5 gm) compared to P5 which recorded 80.69g fruit weight. The obtained results clarified that the crosses P4 X P1, P3 X P4, P2 X P5, P2 X P1, P4 X P2 and P4 X P2 recorded the heaviest fruit weight (120.9, 112.5, 108.9, 108.9, 108.7, and 107 .7 gm respectively).
As for total yield per plant Table 3 showed that P1 produced a significantly the highest fruit yield per plant (2.040kg) compared to the other parents. The crosses P2 X P1 and P2 X P4 produced the highest fruit yield per plant, (2.430 and 2.420 kg, respectively), compared to the rest of crosses.
Respecting total soluble solids percent in fruit juice, P3 exhibited the significant highest TSS (3%) compared to the other parents. Whereas the cross P4 X P3 gave the highest fruit juice TSS (3.180%).
Days to marketable maturity, number of marketable fruits per plant, total soluble solids have a wide variation due to the variety of horticultural characters reported by these data are in agreement with Gharib (1991), Darwish (1992) 
Combining abilities
The analyses of general and specific combining ability differ for all studied characters are present in Table 2 . The mean squares of both general and specific combining ability were significant for all traits. The mean squares of reciprocal were highly significant for all studied traits, indicating that the maternal effect is absent in the studied traits. When both general and specific combining ability AUJASCI, Ain Shams Univ., Cairo, Egypt, Special Issue, 27(1), 2019 mean squares are significant, this defines which type and/or types of gene action are important in the performance of single-cross progeny. To overcome such situation the size of mean squares can be used to assume the relative importance of both types of combining ability. Hence, GCA/SCA ratio was used for measuring the genetic variance nature. When the ratio of GCA/SCA was exceeded for all studied traits this means that the additive and non-additive types of gene action have a greater importance in the inheritance of these traits. Therefore, it is evident for improving the yield and yield components. Also, selection procedures based on the accumulation of additive effect may be successful in improving all the studied traits. Average fruit weight, fruit length, total soluble solids, number of marketable fruits per plant and days to marketable maturity. Similar results were reported by Singh ( General, specific and reciprocal combining ability effects
General combining ability effects
Data of general combining ability effects for individual parental genotype in each trial are presented in Table 4 . General combining ability effects computed herein differed significantly for all traits. High positive values would be interest under all studied traits except number of days to the first harvest which recorded high negative values that would be useful for the breeder's point of view. The parental inbred lines 1 and 2 exhibited significant positive effects for the number of fruits per plant and fruit yield/plant, indicating that these inbred lines could be considered a good combiner for developing high yield genotypes. But, they have undesirable effects on other traits.
The parental inbred line P3 seemed to be a good combiner for the number of days to the first harvest, and TSS% but it expressed significant undesirable or insignificant effects for the remain traits. The parental inbred line P4 showed a significant desirable effect for all traits except the number of fruits per plant and fruit yield per plant. Therefore, this parent can be used to improve fruit quality. The parental inbred line P5 seemed to be the best combiner for the number of days to the first harvest. However, it gave undesirable effects for other traits. This parent can be used for transfer earliness trait because it contains additive gene effect controlled this trait.
Specific combining ability effects and reciprocal effects
Specific combining ability and reciprocal effects of the parental combinations were estimated for the twenty crosses only when significant mean squares were obtained in Table 4 . Plant height of F1 crosses P1 x P4, P2 x P3, P2 x P4 and P2 x P5 and two reciprocal crosses P5xP2 and P5xP4 exhibited highly significant positive desirable effects and reciprocal effects, respectively. While negative and or insignificant effects were detected for respect crosses. With regard to the number leaves/plant, the two F1 crosses P2xP4 and P2xP5 as well as the two reciprocal crosses P5xP2 and P5xP4 exhibited the highest desirable effects and reciprocal effects, respectively. With regard to the number of days to the first harvest, the F1 cross P3xP4, P2xP1, P3xP1 and P5xP1 showed significant negative effects and reciprocal effects, respectively. Data in Table 3 displayed the mean performances of some economic traits, i.e. plant length, number of leaves per plant, number of days to first harvest, number of fruits/plant, fruit weight, fruit yield per plant and total soluble solids, for twentyfive cucumber genotypes which were 5 parental inbred lines and their ten F1 as well as ten reciprocal F1 crosses. The results clarified that P3 and P4 parents showed the significant taller plants, i.e. (230 cm) and (221.7 cm), respectively. Meanwhile, the P1 showed the lowest value for plant length (175 cm). These results are in line with that of Ram et al (1996) who found a higher variability in vine length of 21 evaluated genotypes of cucumber. The F1 crosses P4 X P5 showed the highest stem length 263.3 cm, however, for reciprocal crosses, the P4 X P3 exhibited the highest genotype for plant length (266.7 cm). On the other hand, the cross P1 X P2 and its reciprocal P2xP1 showed the shortest plants (178.3 and 176.3 cm, respectively).
Regarding number of days to the first harvest, the results showed that the earliest parents for harvesting were P1 and P2 (days). Meanwhile, the lateness parents were P3 and P5 (43 and 42 days). The crosses P3 X P1 and P4 X P3 were the earliest of harvesting, 32 days from transplanting, also, the cross P2 X P5 displayed the shorter number of days to first harvest, 32.67 days. Despite, the crosses P1 X P5, P5 X P2 and P5 X P3 that shared in the P5 parent, these crosses
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showed the least number of days. The first two crosses had the same days to first harvest (41 days). Also, P5 X P3 and P4 X P1 had the same number of days to the first harvest (40.33 days). Also, the highest main number of days P3 X P2 was for the latest genotype in harvest (40.67 days from transplanting to first harvest. Parent P5 showed high general combining ability for delaying the first harvest). The gynoecious, yield was the best performing cultivar in the character of early ripening. Melisa and Wenher (2006) reported the harvest of the gynoecious have more and more concentrated slicing type monoecious cucumbers, e.g., "Dasher II.
For the number of fruit/plant, the most desirable significant positive effects and reciprocal effects were expressed by the F1 crosses P1xP3, P2xP4 and P4xP5 and reciprocal cross P5xP1, respectively. With regard to fruit weight, the two F1 crosses P3xP4 and P3xP4, as well as the reciprocal cross, showed significant positive effects. As for fruit yield/ plant, the four F1 crosses P1xP3, P2xP4, P2xP5 and P4xP5 as well as the reciprocal crosses P4xP1, P4xP2, P4xP3 and P5xP3 showed significant positive effects and reciprocal effects, respectively.
As for TSS%, the F1 crosses P1xP2, P1xP3, P1xP5 and P4xP5 exhibited significant positive effects while the reciprocal crosses P5xP1, P4xP2, P4xP3 and P5xP4 exhibited reciprocal effects. These crosses showed a higher specific combining ability because of P4 is a good combiner. Such crosses may show desirable transgressive segregates, providing the additive genetic system by the good combiner as well as the complementary and epistatic effects present in the cross, act in the same direction to reduce undesirable plant characteristics and maximize the character in view. Therefore, the previous crosses might be of prime importance in the breeding program for traditional breeding procedures. The present results were in agreement with those reported by Gharib (1991), Darwish (1992) Heterosis effects: Parents versus crosses mean squares shown in Table 2 indicated to the average heterosis overall crosses, were found to be highly significant for all traits studied except, number of days to the first harvest. Heterosis data are presented in Table 5 and 6. Significant positive heterotic effects relative to better parents' values may be interesting for most traits under investigation. However, for the number of days to the first harvest high negative values would be useful form the breeder's point of view. Regarding the plant length values of heterotic effects ranged from 14.59 in P2 x P1 to 42.73 in P4 x P2 relative to mid-parent (Mp) in crosses. On the same context, the useful heritability effects ranged from 10.53 to 18.79 in the crosses P2xP4 and P4xP5, respectively. It is worthy to notice that 12 crosses relative to the Mp and 6 crosses relative to best-parent (Bp) conferred a significant positive heterotic effect for this trait.
For the number of leaves/plant, seven and two crosses exhibited significant positive heterotic effects relative to Mp and Bp, respectively. The most desirable heterotic effects were detected by crosses P2xP5 and P4xP2 which gave useful heterosis relative to both Mp and Bp.
For the number of days to the first harvest, the crosses tended to deviate towards earliness especially in the two reciprocal crosses P3xP1 and P4xP3 relative to Mp. Meanwhile, no crosses showed negative heritability in this trait.
Regarding the number of fruit per plant, eleven crosses relative to the Mp and two crosses relative to the Bp expressed significant positive heterotic effects for this trait.
As for fruit weight, five and two crosses exhibited a significant positive heterotic effect relative to Mp and Bp, respectively. The most desirable heterotic effects were detected by crosses P2xP5 and P2xP1 which gave useful heterosis relative to Mp and Bp.
For fruit yield/ plant, ten and two crosses exhibited significant positive heterotic effects relative to Mp and Bp, respectively. The most desirable heterotic effects were detected by crosses P2xP4 and P2xP5 which gave useful heterosis relative to Mp and Bp. MP=Heterosis over mid parent and BP=Heterosis over better parent. *, ** Significant at 0.05 and 0.01 levels of probability, respectively
As to TSS%, twelve and five crosses exhibited significant positive heterotic effects relative to Mp and Bp, respectively. The most desirable heterotic effects were detected by crosses P1xP2, P1xP5, P2xP1, P5xP1 and P4xP3 which gave useful heterosis relative to Mp and Bp. Similar results on cucumber were also reported by Qi and Chui 
Potency ratio:
The potency ratio of the tested twenty crosses for seven studied traits is shown in Table 7 . The plant length appeared partial dominance in the seven crosses P1 x P3, P1 x P5, P2 x P3, P3 x P1, P5 x P1, P3 x P2 and P5 x P2. These seven crosses showed over dominance towards the longer parent, i.e. P1 x P2, P4 x P5, P4 x P1, P3 x P2, P4 x P2, P5 x P3 and P5 x P4. Meanwhile, the remain crosses showed over dominance towards the short parent. Concerning the number of leaves per plant, 13 crosses showed over dominance, five of them were over toward the high parent, i.e. P3 x P4, P3 x P5, P3 x P1, P3 x P2 and P4 x P2. But the remaining crosses showed partial dominance. Concerning the number of days to the first harvest, two crosses P1x P2 and its reciprocal P2 x P1, as well as the cross P2x P4, exhibited an absence of dominance. On the other hand, the cross P3x P1 showed a complete dominance. Seven crosses, i.e P1 x P3, P1 x P5, P2 x P3, P2 x P5, P5 x P1, P3 x P2 and P5 x P2 showed a partial dominance. Meanwhile, the remain crosses showed over dominance With respect to number of fruits per plant, the 13 crosses P1 x P5, P2 x P3, P2 x P4, P2 x P5, P3 x P4, P3 x P5, P4 x P5, P3 x P1, P4 x P1, P5 x P2, P4 x P3, P5 x P3 and P5 x P4 presented over dominance. However, the remaining crosses showed a partial dominance for this trait.
As for as fruit weight, partial dominance was detected in crosses P1 x P4, P2 x P3, P3 x P5, P4 x P5, P3 x P1, P5 x P3 and P5 x P4. However, the remaining crosses showed over dominance for this trait.
Regarding to fruit yield/ plant, six crosses P1 x P2, P1 x P3 , P1 x P5 , P4 x P1, P3 x P2 and P4 x P2 displayed a partial dominance however, the remaining crosses showed over dominance for this trait.
With respect to TSS %, the cross P5 x P2 showed a complete dominance. Meanwhile, the crosses P1 x P2, P1 x P5, P2 x P5, P3 x P4, P2 x P1, P5 x P1, P4 x P3 and P5 x P4 showed over dominance. However the other crosses showed partial dominance. 
